The vicinal Si(111) surface, inclined towards the   2 1 1 direction, was investigated by scanning tunnelling microscopy and spot profile analysing low energy electron diffraction. It has been established that the surface, consisting of regularly spaced triple steps and (111) terraces with a width equal to that of a single unit cell of the Si(111)-7×7 surface structure, has the (7 7 10) orientation. An atomic model of the triple step is proposed.
Introduction
In the process of self-assembling growth it is important to provide the formation of ordered and uniform nanostructures with high density and low dispersion in sizes. The use of high index surfaces and the stepped ones, in particular, as templates may facilitate the solution of this problem.
Therefore, such surfaces and their possible application are intensively studied [1] [2] [3] [4] [5] [6] [7] [8] [9] .
Vicinal Si(111) surfaces inclined towards the ] 2 1 1 [ direction contain steps with the height of one and three interplanar distances d 111 (triple steps) at the temperatures below 870 о C [10] [11] [12] . The share of triple steps increases with an increase of the inclination angle [13] . The most promising surface for the growth of high quality nanostructures is the surface which consists of only regular triple steps. According to Kirakosian et al. [14] , the Si surface, which contains triple steps and regularly spaced (111) terraces with a width equal to that of a unit cell of the Si(111)-7×7 surface structure, has the (557) orientation. This conclusion is based on the analysis of high resolution scanning tunneling microscopy (STM) images. The Si(557) surface is inclined at 9.45 о relative to the (111) plane towards the ] 2 1 1 [ direction. The period of the staircase of triple steps on this surface is 5.73 nm [14] . However, in literature there is a discrepancy concerning the orientation of the triple step. Its orientation was determined as (112) [14] and as (113) [15] . The structure of the triple step was unknown until now.
The aim of present work was to determine the precise orientation of the triple step staircase containing regularly spaced 3d 111 -high steps and to explore the atomic structure of a triple step by low energy electron diffraction (LEED) and STM.
Experimental
The experiments were performed in two ultra high vacuum systems. One chamber was equipped with an STM (OMICRON) and the second one with a SPA-LEED (SPA is Spot Profile Analyzing) systems. STM images were recorded in the constant-current mode using an electrochemically etched tungsten tip. Silicon samples, inclined relative to the (111) plane towards the   2 1 1 direction at 9.5° with an accuracy of ±0.5 о , were used. Samples were resistively heated by a direct current. The current direction was parallel to the steps on the vicinal Si(111) surface to avoid the electromigration induced step bunching. The sample temperature was controlled by an optical disappearing-filament pyrometer. Clean surface was prepared following the procedure, described by
Kirakosian et al. [14] . 
Results

Orientation of the surface with regular triple steps
The surface consists of regularly spaced steps with the height of three interplanar distances (111) and the Si(111) terraces with the 7×7 surface structure. An atomic resolution STM image of an area of such surface is shown in Fig. 1 . Sometimes in STM images one can see small surface areas with the metastable 5×5 surface structure and randomly distributed (111) terraces with the width equal to that of 2-3 unit cells of the 7×7 surface structure.
According to the STM data ( Fig. 2) , the projection of a period of the triple step staircase on the (7 7 10).
To check the staircase orientation, derived from STM images, we used SPA-LEED technique [16] . Fig. 3a shows a LEED pattern from the sample surface obtained at 61 eV. In Fig. 3b plane. Thus, the results, obtained by LEED, confirm that the surface with regular triple steps has (7 7 10) orientation, and not the (557) one, which was supposed earlier [6, 14] .
Atomic structure of a triple step
To reveal the atomic structure of the triple steps we used STM images obtained at different polarities of the applied bias (Figs 2, 4) . A tentative model of a triple step was developed comparing possible configurations of Si atoms with the high resolution STM images. The model is presented in Fig. 5a . The details of the model are described below.
The (111) terraces in the staircase contain an additional row of R atoms at the bottom of a triple step (Fig. 2) [17, 18] . Therefore the width of a terrace is equal to that of a single unit cell of the [19] . They have three saturated and one dangling bonds.
At the level of the second bilayer of a triple step there is a row of the A 2 adatoms with the periodicity of 2×I 110 (I 110 = 0.383 nm). The diffraction spots from the 2×I 110 periodicity can be seen on the diffraction pattern (Fig. 3a) . Similar spots were observed earlier [15] According to STM data, the distance between the A 3 and A 2 atoms (Fig. 2 ) is 1.04 ± 0.03 nm. This is approximately 0.15 nm bigger than the corresponding distance in the ideal crystal lattice of Si. This discrepancy may be due to the distortion of the crystal lattice at the edge of a triple step or to the redistribution of electronic density in A 2 atoms. At the negative bias polarity the spot corresponding to the dangling bond of a rest atom, close to the RD defect, becomes brighter (Fig. 4b) . The images of other rest atoms in the second bilayer of the triple step are also visible. These rest atoms are located between the D || 3 dimers of the 7×7 surface structure and the chain of the A 2 atoms (Fig. 5b) (Fig. 5a) [20, 21] . The possibility of the formation of D ┴ and D || dimers along the steps on the Si(100) surface was considered by Chadi [22] . The D ┴ dimers on the triple step are not symmetric. The upper atom of a D ┴ dimer has one dangling bond, whereas all bonds of the lower atom are saturated (Fig. 5a ).
STM images often reveal a row defect (RD) in
The brightness distribution in the image of the D ┴ dimer chain depends on the bias polarity (Figs 4a and b) . At the positive bias polarity (tunneling into the empty states of the surface) the images of the dimers, located just against the gaps between А 2 adatoms, are the brightest. At the negative polarity (tunneling from the filled states of the surface) the brightness distribution in the images changes, and the images of the dimers, located against the А 2 atom positions, become the brightest (Fig. 4b) . The shape and the brightness of the D ┴ dimer images are affected by the neighbouring A 2 atoms. In Fig. 4b it is seen that they depend on whether a D ┴ dimer is located near an RD-defect or not. (Fig. 4a) we can see the dangling bonds of the dimer atoms as a couple of bright maxima. At the negative bias polarity (Fig. 4b) surface as a function of polarity of applied bias were observed earlier [23] [24] [25] .
The careful analysis of the STM images and of the possible positions of Si atoms reveals the zigzag-like row of atoms with a 1×I 110 periodicity. This row is marked as ZR in the model in Fig. 5a .
The zigzag row is located on the lower terrace at the bottom of a triple step and at the level of the R atoms. Every atom in the ZR has one dangling bond, one bond connected with the atoms of lower layer, and two bonds connected with neighboring atoms in the row (Fig. 5a ). Earlier such a row was (Fig. 4b) relative to the position of the image at the positive sample bias. Shift of the bright maxima at the change of the bias polarity can be attributed to the asymmetric distribution of electronic density in the ZR.
Taking into account the revealed atomic structure, no definite crystallographic plane can be assigned to the triple step.
Conclusions
The vicinal Si(111) surface, inclined relative to the (111) plane towards the   1 is a dimer parallel to the step edge at the level of the first bilayer; ZR is a zigzag like row of atoms and R is an additional adatom row at the bottom of a step; RD is a row defect. 
